Abstract. Welding is the most common process to join two types of metal. Capacitive welding is used in small alloys, jewelry and temperature sensors. A good quality welding is composed by a homogeneous distribution and uniformity of the material at welding point and a mass conservation, keeping the metal crystalline proprieties. Capacitive welding consists in submitting a metal to an electric arc, storing energy in capacitors, when released will melt alloy and creates a union. In an inertial chamber the atmosphere is controlled, and Argon is injected by a solenoid valve, responsible to control Argon from a cylinder. Argon is a shielding gas responsible for the non-inclusion of external elements in the weld. This study develops equipment able to make capacitive welding using the principles mass and energy conservation in alloys and gauges pre-established, of different types of metals in an inertial environment, with the objective of create a good quality and efficient weld with low cost equipment with easy manipulation.
Introduction
Capacitive welding is one of the most common methods to weld small alloys. One of main characteristics is the simplicity of the system. Welding by capacitive discharge consists the support of an electric arc by a small fissure between the conductive substrate that is keep in the neighborhood of a wire, subject an electrical potential. The high temperature produced melts part of the material near the outflow, what suddenly occupy the empty spaces and solidify, creating the union of the metal alloy involved [1] .
A thermocouple is an example of capacitive welding application in small gauges. Thermocouples are composed by 2 wires of pure or homogeneous mixture alloys that need a resistant and almost perfectly homogeneous union, acquiring characteristics as a single metallic alloy, to obtain high levels of precision of temperature measurement.
The thermocouple measurement point can be made by a method that will keep the alloy proprieties and a good electrical conduction. The measurement point can be made of two types, twisted or top.
The mass conservation of the alloys involved is important to assure the quality of the welding in a thermocouple, because there is no addition of a third alloy or element in the system. The inclusion of a third element between the pair of metallic in the welding process must be avoided what attribute a high efficiency and precision the measure equipment [3] .
Similar equipment was developed by Zanstra [1] and G. Orr and M. Roth [3] . In a market research, we found these welding equipment [4, 5, 6] , in this equipment there is just a voltage regulator and there is no way of automation of the amount of energy to be used, depending of the thermocouple or alloy gauge. In this work, we propose a piece of equipment that can be pre-programed to weld small metal alloys, to minimize the energy consumption and provide a high-quality welding.
Capacitive welding equipment create an electric arc thought the energy stored in a capacitor bank. This system intends to avoid unnecessary use of energy during the process, which can lead a low-quality final product. An Arduino microcontroller controls the charge of the capacitor bank according to the type of alloys and metal gages used in the welding.
Methodology

Developing Equipment
The developed equipment of capacitive welding is able to weld metallic wires, commonly find in jewelry and thermocouple. The equipment is composed of a symmetrical direct voltage source of 31 V associated to a capacitive bank of 37600 µF, a microcontroller Arduino UNO, a relay module with 2 relays, one that will be used as a switch between the capacitive bank and the voltage source, and the other that will be used to control the argon gas valve.
The process of the capacitive relies on direct voltage source is monitored by microcontroller Arduino though the measurement of the voltage of the capacitive bank. Arduino's compatible levels of voltage are achieved through a tension division in order to calculate the energy stored in the capacitors.
The microcontroller Arduino controls the charge stored in the capacitor bank according to its voltage levels. The Arduino is also responsible for determining the charge level of the bank considering the material used in the alloys. To control the charge circuit of the capacitive bank it was used a relay which is responsible by connecting and disconnecting the charging circuit of the source. It was necessary to use a relay for the bank voltage level is not compatible with the tension level supported by the Arduino.
The capacitor bank is composed of an association of 8 capacitors in parallel, so that the resulting capacitance is summed, and the necessary charge is obtained. For this circuit, it was chosen 8 electrolytic capacitors of 4700 µF and 63 V, connected by a 2.5 mm² wire of cupper. Under its max load, the capacitive bank provides energy of 74.62 J approximately. The energy stored, it's enough to weld the pre-established gauges and types of thermocouple and there is an energy over to future new gauges and alloys.
To make the connection between the capacitive bank and the charge circuit and the connection between the Arduino and the solenoid valve was uses the two-relay module. The Arduino microcontroller cannot operate the relay of load circuit and the valve directly through its digital gate, so it was necessary a circuit able to activate the relay and promote electric isolation between the microcontroller Arduino and the load circuit. The chosen module relay has a coil with working voltage of 5 V and current of 25 mA the relay contacts are able to operate up to 10 A. The voltage source responsible for feeding the capacitive bank is formed by an output DC symmetrical voltage source with positive amplitude of 31 V, able to obtain 62 V of amplitude in DC current. The symmetrical characteristic was chosen because the available components at the market by a low-coast, if necessary the components can be changed, and a simple source can be produced.
Energy Consumption Estimation
Conservation mass and energy balances were done to calculate the necessary energy used in each metallic alloy. A good welding makes a perfect union between both the materials, keeping their physical and chemical proprieties. Therefore, it is necessary to provide enough energy to melt the metallic alloys involved. The variables involved in the calculation of heat transfer process were: specific heat, density and melting temperature of the metallic alloys.
The equipment was developed by 3 gauges of metallic alloys to be welded, 24, 26 and 32 AWG. Reference values of satisfactory radius to weld metallic alloys were established though practical experiments. They were considered to be 2.4 times the diameter for 32 AWG, 1.9 times the diameter for 26 AWG and 24 AWG. With the reference values for the generated weld sphere, it was calculated the weld sphere volume to be generated and that would be used to energy calculation. Table 1 presents the theoretical calculation for the energy needed to melt metallic alloys. It was calculated the energy stored by the capacitive bank according to the voltage, to control the stored energy in the capacitor bank and assure that the right values are used in different gauges and alloys by the microcontroller Arduino. The composition of each thermocouple type is: Type E: Chromel and Constantan; Type J: Iron and Constantan; Type K: Alumel and Chromel; Type T: Cupper and Constantan. The necessary energy is the sum of the energies necessary to weld each metallic alloy. Table 2 show and the total energy mensuration according the composition. 
Arduino Programming and Welding
In this part values, theoretical calculated will be converted to values that are compatible with the Arduino.
The voltage values that will be monitored by microcontroller Arduino are not compatible with the microcontroller scale. Therefore, it is necessary a circuit to do the voltage conversion from capacitive bank to values between 0 V and 5 V. To obtain this conversion it was developed a circuit known as voltage divider, that use 2 resistors to create a proportional voltage, a resistor of 1M5Ω and another of 100 kΩ, the practical voltage reduction is 16.3, applying voltage values from the capacitive bank to the 0 V to 5 V scale we obtain the values shown in table 3. The microcontroller Arduino make an analogic conversion to values between 0 and 1023, being 0 to 0 V and 1023 to 5 V, in a linear scale. So, it is necessary to create a conversion constant to these units, that will be 4.8828x 10 -3 . Thus, we can program the equipment using a button panel. The coupling of the welding terminals will be made of an object with conduction characteristics. To make the conduction from the capacitive bank to metallic alloy 6.0 mm2 wire was been chosen.
An efficient welding connection depends on a good metallic alloy to the welding terminal where it was used claw put in a slippery dispositive to conduce the thermocouple to welding chamber. The claw was connected to a positive terminal and for the negative terminal it was used a coal brush, usually used in induction motor. The coal was put inside a glass chamber, developed exclusively by this equipment. The weld will be done inside an inertial chamber, the chamber is made of glass and has a cylindrical form, in one side it's opened and in the other, there is a connection with an Argon tube, which is responsible for inject the gas during the welding. The chamber was developed by use in 2 different kinds of weld, twisted and top.
Results
The experiments were made with thermocouples, type T with gauge 24, 26 and 32 AWG and thermocouples type E and K gauge 32 AWG. The welding was observed at microscope to verify the quality using the established parameters, such as: format, size, color and homogeneity. Fig 1 show the different weld thermocouples made. The second parameter analysis was the metallic couple electrical resistance, with use of a precision multimeter. The results are in the table 4. Making an analysis in the resistance results we will consider a good result the samples inside the interval [Average + σ; Average -σ], every thermocouple outside this interval will be considered a no quality thermocouple. The Table 5 shows the second part of statistical analysis. The third and last analysis were to verify if the amount of energy stored in the capacitive bank were all used in the welding process. To do this analysis was used an oscilloscope connected at the capacitive bank terminal during the welding process. Fig 2 show the waveform of charge and discharge during the welding process of thermocouples E, K and T all of them from gauge 32 AWG. In a fast analysis of waveform, we can see that the amount of energy obtained in the theoretical calculation were stored in the capacitive bank, and all the amount of energy were all consumed, what indicates a good result in the energy and mass balance.
Conclusion
It was shown a development and use of a piece of equipment to small alloy metallic welding. This equipment can be easily operated and was developed to use exactly the necessary amount of energy to weld each metallic alloy and gauge of thermocouple. The test objects had a great quality in the analysis.
